The aim of this study was to investigate the effect of puff pastry margarine with reduced content of trans isomers in production of puff pastry with enhanced nutritional value. Experiments were carried out on the basis of 3 2 factorial design, wherein the independent variables were the amount of puff pastry margarines (30, 40 and 50%, on flour weight) and number of margarine layers formed during the dough processing (108, 144, and 256). In order to determine the optimum values of independent parameters, the study was focused on defining of relevant qualitative indicators of the final product. By investigation of influence of the type of puff pastry margarine (ML1 and ML2) on the quality of puff pastry, it was determined that physico-chemical properties of margarine ML1 were not optimal for puff pastry production. Margarine ML1 had lower hardness by 50-60%, lower SFC by 20-35% and worse thermal characteristics compared to margarine ML2. Only by application of the maximum amount of margarine ML1 and 144 margarine layers a satisfactory quality of puff pastry was obtained: the lift of 2.89, hardness of 17.7 kgs, volume 83.6 cm 3 and the total number of points of 14.8. Because of its better technological characteristics, margarine ML2 is favorable for making puff pastry. Significantly better physical properties and excellent pastry quality was obtained in samples with margarine ML2 in an amount of 50% of margarine and 256 layers: higher lift by 45%, volume by 25% and the total number of points by about 20% compared to sample ML1 with the best quality.
INTRODUCTION
Characteristic properties of puff pastry are airy-flaky structure and excellent sensory characteristics. Due to the specific structure, any errors can have far greater consequences on the quality of puff pastry in regards to the majority of other bakery products. The most common causes of bad puff pastry quality are: inadequate quality of raw materials (flour or puff pastry fat), mistakes made during dough processing (inadequate number of dough lami-nation and folding) and errors during baking (Šoronja- Simović, 2012 ). The puff pastry margarines have a key role in separating dough layers and preventing their coalescence during lamination. Physical properties (consistency) of puff pastry fats have a significant effect on the formation of dough layers and thereby the lift and the structure of final product. Puff pastry fats must possess the appropriate plastic properties in order to main-tain uniform layers during lamination and pressure of water vapor during baking (McGill, 1981) . The fact that the differences of special-purpose margarines and dough consistency can have a significant negative effect on puff pastry quality indicates that it is necessary to define their physical and thermal properties.
Nowadays, there is a possibility to modify the physical characteristics and to adjust the composition of puff pastry margarines to the nutritional requests by innovation of the existing and development of new processes of margarine production (Laia et al., 2000; Kritchevsky, 2008) . Moreover, in accordance with the requirements of the World Health Organization (WHO, 2003) to reduce the intake of trans fatty acids (TFA) to less than 1% of daily energy needs, the margarines with a reduced content of trans-isomers are obtained.
The negative effect of TFA on health is the result of a several complex and related phenomena. According to some epidemiological studies, the reduction of the total and HDL (high-density lipoprotein) cholesterol ratio caused by TFA is about twice as high compared to the atherogenic effects of saturated fatty acids -lauric, myristic and palmitic (Aro, 2006) .
The examinations of puff pastry margarines with reduced content of TFA suggest that there are differences in their physicochemical properties, and that the share of trans fatty acids cannot be the only valid parameter in the selection of a margarine for making puff pastry with improved nutritional quality.
From the wide range of margarines with reduced TFA content, it is necessary to select those in which the changes in composition of the fat phase have not negatively affected their technological characteristics (Šoronja Simović, 2010).
The aim of this work was to investigate the effects of quantity and layers number of low trans margarines with different physicchemical and textural characteristics on the production of puff pastry with enhanced nutritional value based on the results for physical and sensory characteristics of puff pastry.
MATERIALS AND METHODS
The examinations were conducted on a sample of wheat flour T-400 from the regular production of JSC "Danubius", Novi Sad. The quality of flour, i.e., moisture, protein content and water absorption (by farinograph) was defined according to the standard procedures AACC 44-19, 46-12 and 54-21, respectively (AACC, 1995). Wheat flour used in the experiments had the following chemical characteristics: moisture 13.9%, protein content 11.5% (on dry matter content) and water absorption determined by Brabender farinograph -54.8%. The basic dough consisted of the following additional materials: common salt, margarine for kneading (in-dough fat) ("Dijamant", Zrenjanin, Serbia) and additive ("Biser", Novi Sad, Serbia). Two samples of puff pastry margarine with 70% fat phase and reduced content of trans fatty acids were used as a roll-in fat for pastry production: margarine ML1 ("Dijamant", Zrenjanin, Serbia) and margarine ML2 ("Puratos", Beograd, Serbia).
Fatty acid composition
The fatty acid composition of puff pastry margarine was determined by standard method ISO 15304 (2002), which includes the usage of a gas chromatographic method for separation and a mass spectrometry for the identification of individual components of the mixture. The determination was carried out on a gas chromatograph Hewlett Packard 5890A and mass spectrometer Hewlett Packard 5971 with a capillary column SP-2560, length 100 m, inner diameter of 0.25 mm and the stationary liquid phase film thickness of 0.20 µm.
Solid fat content
The solid fat content (SFC) is determined by the standard method ISO 8292-1 (2008a) using the pulsed nuclear magnetic resonance (NMR) method on Bruker minispec 20 mq NMR device.
Thermal characteristics
The thermal properties of the margarine samples were examined by using a differential scanning calorimeter (DSC) Q20 TA Instruments. Flow of the inert gas (nitrogen) during the examination was 50 cm 3 /min. The measurement was carried out at temperature range from 25 °C to 60 °C at a heating rate of 5 °C/min. The weight of the examined samples was 13 mg. Standard calibration of instrument was performed using indium (Tm = 156.6 °C). Based on the obtained DSC data, the melting enthalpy (J/g), as well as the melting temperature were determined for the two samples.
Physical characteristics
Hardness of puff pastry margarines was determined using the penetration method of cylinder probe with diameter of 5 mm at temperatures of 10, 20, 25 and 30 °C on the Texture Analyzer TA.HDPlus by the following operating parameters: load cell -5 kg, cylinder probe speed before analysis -1.0 mm/s, cylinder probe speed during the analysis -2.0 mm/s, cylinder probe speed after analysis -2.0 mm/s and distance -12 mm.
Puff pastry production
Investigation was carried out on the basis of 3 2 complete factorial design, wherein the two independent variables were the amount of puff pastry margarine and the number of fat layers.
The basic dough was prepared according to formula: 1000 g of flour, 2% salt, and 5% margarine for kneading, 0.3% of additive and 54.8% of water, with temperature of 8-10 °C. Dough was mixed in a high-speed spiral mixer MS-6 for 4 min, whereby an optimum temperature of the dough for puff pastry production was achieved (19 ± 1 °C). Afterwards, the dough was subjected to relaxation for 10 min and then thinned on a laminator Laminoir Marchand LA4-500. The margarine samples ML1 and ML2 were sheeted and placed into the dough sheet according to English method (McGill, 1981) in an amount of 30, 40 and 50% on flour weight.
During lamination the thickness of dough was progressively reduced to 8 mm, folded by one three-fold (1 x 3) or fourths (1 x 4) and re-rolled to 8 mm. After repeated folding procedures, the dough was submitted to relaxation between the lamination for 15 min at 8-10 °C. These procedures were repeated twice, resulting in the formation of 108, 144 and 256 fat layers. The final thickness of laminated dough was formed by the progressive reduction of its thickness: 30 → 28 → 25 → 22 → 18 → 15 → 12 → 10 mm. Dough pieces in circular shape with a diameter D 0 = 56 ± 1 mm, height H 0 = 10 ± 1 mm and a weight of 30 ± 1 g were baked in a laboratory oven at 200-210 °C, 15-20 minutes.
Physical characteristics and sensory quality of puff pastry
Hardness of puff pastry was defined by measuring the surface under obtained curve of Force (g) -Time (s) dependence 2h after baking. The force required to cut pastry was measured on the Texture Analyzer TA.HDPlus with the following operating parameters: load cell -25 kg, speed of the knife before the measurement -1.0 mm/s, speed of the knife during the measurement -2.0 mm/s, speed of the knife after the measurement -10.0 mm/s, the distance of knife from the platform -55 mm, cutting force -5.0 g.
The sensory quality was defined two hours after baking by a point-based method. Three-member panel by rating from 1 to 5 evaluated the following quality parameters of puff pastry: external appearance, texture, taste and odour. Obtained evaluations of mentioned parameters were multiplied by certain coefficient of importance (ISO, 2008b) and on the basis of the total sum of obtained points, the quality category was determined: excellent (17.6-20.0); very good (15.2-17.5); good (13.2-15.1); acceptable (11.2-13.1) and unacceptable (<11.2). Using scores from 0 to 3, the crumb quality of puff pastry was evaluated according to the QDA method (Hozová et al., 2002) . The evaluated parameters were following: flakiness, flakiness uniformity, thickness of pore walls, pore size and color uniformity.
RESULTS AND DISCUSSION

Characteristics of puff pastry margarines
Fat phase of puff pastry margarines contains from 30 to 55% of saturated fatty acids (SAFA) and trans fatty acids from < 1% up to 25% (Šoronja-Simović, 2012), while a satisfactory consistency of margarine provides either the presence of SAFA or TFA in margarine fat phase (Karlović, 1983; Nielsen, 2006) . By the analysis of margarine fat phase, the increase in the content of SAFA in regards to the traditional puff pastry margarine was noticed (ML1 42.3%, ML2 50.9%) ( Table 1) . Both samples were characterized by reduced content of TFA, but there were significant differences: in the margarine sample ML1 TFA content was 6.1%, while in ML2 it was negligible (< 1%). Despite the low proportion of TFA due to the high share of certain saturated fatty acids in margarine samples, total content of SAFA + TFA was about 50%, which is common in margarines with high content of transisomers. In sample ML2, the share of monounsaturated fatty acids (MUFA) was higher by 2%, while the share of polyunsaturated fatty acids (PUFA) was lower by 5%, in comparison to ML1.
The plastic properties of margarine samples were determined measuring the solid fat content (SFC). The results showed that both margarine samples had a higher content of solid triglycerides than the value defined as the area of plasticity at temperatures of 20, 25 and 30 °C. According to Stauffer (1996) in temperature interval between 10 and 30 °C the solids content should be at 10 to 25%. At temperatures important for puff pastry processing (20 and 25 °C) SFC values for sample ML2 were 20-35% higher compared to the sample ML1 (Table 1) . Also, the sample ML2 had more stable solid to liquid phase ratio than ML1 sample in the entire temperature range. The melting point of both margarine samples was in the interval typical for most special-purpose margarines (McGill, 1981) . It can be expected that the margarine ML2 will have better technological characteristics because its Tt is in the interval between 42-44 °C ( Table 1) . Such margarines provide good stability of continuous margarine layers. On the other hand, margarine ML1 had a slightly lower melting point (39 °C) and it is expected that this sample will have better sensory, but worse technological characteristics (Table 1) were the consequence of different SFC, whereas the ability of body to resist deformation is determined by the content and the composition of solid fat fraction (Stauffer, 1996) . The hardness of sample ML1 at storage temperature (10 °C) was relatively low, because the literature data (Šoronja Simović, 2010) indi- cate that the value of mentioned parameter in puff pastry margarine is usually in the range of 1000 to as much as 2500 g. Margarine hardness at 20 °C is important from the aspect of choice of puff pastry margarine, because mentioned temperature is the optimum for the dough preparation and the stability of dough/margarine layers (McGill, 1981; Cauvain and Young, 2001) . At 20 °C comes to a significant reduction in hardness of both samples (ML1 up to 80%, ML2 by 70%) and the hardness for sample ML1 is much lower than the recommended value of about 400 g (Šoronja Simović, 2010). By increasing the temperature from 20 to 25 °C the changes in hardness of margarine ML2 were less pronounced, which indicated that this should not significantly affect the laminating process at room temperature.
Puff pastry quality
The most of the assumptions that were obtained by examination of physico-chemical characteristics of margarine were confirmed by the results of evaluation of puff pastry sensory quality. The lift of pastry samples with margarine ML1 was far below the optimal theoretical interval ( Table 2 ). Cauvain and Young (2001) point out that for properly formed layered structure of puff pastry the height of the dough during baking should be increased from 6 to 8 times.
A slight increase in lift as a function of the number of margarine layers by 5 to 20% was noticed, whereby these effects were the most evident in samples with 40% of margarine ML1. The increase of the amount of margarine had more pronounced positive effect on the pastry lift. The changes were at the level of 45 to 65% and were the most evident in samples with 256 layers of margarine (Table  2 ). It is assumed that the insufficient lift in pastries with ML1 margarine was the consequence of its low hardness at 20 and 25 °C, making it difficult for lamination and probably caused the sticking of layers of dough. The disruption of continuous dough-fat film did not provide the retention of water vapor in layers of margarine and resulted in the absence of a significant increase in pastry height (Cauvain and Young, 2001) .
The volume of a large number of samples was less than 75 cm³, which is below the satisfactory levels that would ensure optimal quality of puff pastry. Even though, a positive effect on volume was noticed by increased amount of margarine. The highest values for this parameter were obtained with puff pastry with 50% of margarine and 144 layers. The mentioned sample had greater volume in average by 20 to 25% compared to the volume of the samples with 30 and 40% of margarine at the same number of layers (Table 2 ). Low lift did not have a drastic consequence on the puff pastry firmness. The increase of number of margarine layers from 108 to 256 increased the pastry firmness by 45%. A positive effect on the firmness of puff pastry had the amount of margarine, i.e., it led to its reduction. The minimum firmness of 14.5 kgs was obtained in the sample with 50% of margarine and 108 margarine layers.
The results of sensory evaluation of puff pastry showed that only the sample with the highest content of margarine ML1 and 108 margarine layers belonged to very good quality category ( Table 2 ).
In addition, in the case of pastry samples with 30% of margarine only by the formation of 144 margarine layers acceptable quality can be achieved, while other samples in terms of sensory quality are unacceptable.
The results of QDA method of sensory evaluation shown in Figure 1 indicate that the addition of 30 and 40% of margarine ML1, regardless of the number of margarine layers, cannot ensure the formation of the layered and delicate structure of pastries.
This confirms the previous conclusions that margarine ML1 does not have proper physico-chemical properties for production of puff pastry.
Only 50% of margarine in combination of dough folding which includes the formation of 144 fat layers can provide moderate, partially uniform flakiness and partially uniform color. Changes in physical properties of pastry as a function of the quantity of margarine ML2 and the number of formed margarine layers are shown in Table 3 . The results indicate that samples with margarine ML2 have better lift in comparison with pastries with ML1. It is assumed that this is caused by higher hardness and higher SFC of margarine ML2 at 20 and 25 °C.
In the majority of samples the lift was above 3.5 and the maximum value of this parameter of 5.1 was obtained in samples with 50% margarine ML2 and with 256 layers of margarine. The consequence of good lift was also good and very good volume of samples, wherein the maximum volume was obtained in the aforementioned pastry sample. This sample had around 45% higher volume compared to samples with 30% and 40% of margarine with the same number of margarine layers ( Table 3 ).
The firmness of pastry with ML2 margarine in 50% of samples exceeded the maximal firmness obtained for pastry with margarine ML1. In comparison with ML1 pastry samples, ML2 samples had about 40% higher firmness. Despite higher firmness of samples with 50% of margarine and 256 margarine layers (29.5 kgs), they belonged to the quality category excellent ( Table 3 ).
Sensory quality of samples with margarine ML2 was much better compared to the samples with ML1. In the samples with ML2 margarine the layered structure was more pronounced, the layers were much thinner and the flakiness was uniform. The mentioned layers affected the taste of final product. Puff pastry with ML1 had poor mouth melting characteristic compared to the ML2 sample. Moreover, the corresponding sample also had fatty aftertaste.
By the QDA method of sensory evaluation the previously obtained results were confirmed. The samples with 40% of margarine and 108 and 144 margarine layers had a very good sensory quality. In the sample with maximal amount of margarine and margarine layers maximum scores were achieved, i.e., excellent flakiness, small thickness and uniformity of pore walls, large pores and uniform color (Figure 2).
Comparing the best puff pastry samples (50% ML1 and 144 layers; 50% ML2 and 256 layers) it can be seen that the physical properties and sensory quality of pastry with margarine ML2 were much better. Volume of rolls is increased by 25% and lift up to 45% compared to the sample with margarine ML1 (Figure 3 ). 
CONCLUSIONS
Based on the results of investigation of the possibilities for application of puff pastry margarines with reduced trans fatty acids for puff pastry production the importance of selection of margarine with appropriate technological characteristics must be emphasized, in order to obtain a product of good quality. Only by application of the maximum amount of margarine ML1 and 144 margarine layers a satisfactory quality of puff pastry was obtained. For mentioned values of independent parameters the lift of 2.89, hardness of 17.7 kgs, volume of 83.6 cm³ and the total number of points of 14.8 was achieved.
Based on the obtained results for properties of two margarine samples, we can conclude that higher stability of formed fat layers can be provided by application of ML2 margarine in puff pastry production. Lower hardness of ML1 margarine by 50-60% compared to the margarine ML2 caused its embedding in dough structure. Moreover, lower SFC of sample ML1 by 20-35% and worse thermal characteristics in comparison to ML2 disabled formation of stable margarine-dough layers, i.e., characteristic crumb appearance of pastry. Thus, the physico-chemical properties of margarine ML1 were not optimal for puff pastry production. Significantly better physical properties and excellent pastry quality was obtained in the samples with margarine ML2 in an amount of 50% margarine and 256 layers: the higher lift by 45%, volume by 25% and the total number of points by about 20% were achieved compared to ML1 sample with the best quality.
However, with the addition of 40% of margarine ML2 high volume of about 100 cm 3 , lower firmness of about 20 kgs and very good sensory quality can be obtained. Very good sensory quality was obtained in the sample with 30% of ML2 and 108 formed layers, which is extremely important from the aspect of improving the nutritional profile and energy density of puff pastry.
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